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(54) Abstract Title . \ 

Lens cam nrtechanism with tapered slot and folibwer a^^ 

(57) A cam mechanism used for a photographic l^ns has a movable barrel. (19) and a cam hhg ^ bri 
the movable barrel such that the moving barrel Is movabfe relative to the cam ring ^Ibng an optlcal axis of the 
photographjc lens. The cam mechanism includes: at least one tapered cam slot (17b) formed on the cam ring 
which extends obliquely to a direaion of the optical axis; at least one tapered follower projection ( 19a) 
integrallv formed on the movable barrel; at least one lead groove (17p) formed on an inner periphery of the 
cam ring which allows for insertion of the follower projection into the at least one cam slot during an assembly 
of the photographic lens; at least one follower (18a) respectively formed on the at least one follower 
projection; and at least one stopper (17m) for contacting the at least one follower (18a) when the movable 
barrel IS fully retracted into the cam ring for preventing the movable barrel from coming out of the cam ring 
the at least one stopper (17m) is integrally formed on an outer periphery Of the earn ring;(17j. 
Fig, 4 
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TELESCOPING- TYPe/JF ZOOM Lms M..C?^r^^ 



The present invention relates "to a telescoping type- of 
zoon, .lens having, a plurality -of moving, barrels 
concentrically arranged which, advance ^fr^^ or 'retract into^ a 
stationary barrel of. the .zoom-, lezis, and also" relates to a 
cam mechanism, which can be used in such a telescoping type, 
of zoom lens,, for Producing a predetennined. moy^nint bet^^^ 
two moving barrels concentrically arr^ged. ' 

; . A telescoping::type;.bf :^.bom.lehs having ^.'^paufality-of ' 
■moving barrels concentrically ^r^^^ged ..is ^w.li :khc^ This 
••type of- zoom lens is widely utilized in a! lehs^shutter type^ 

of zoom compact camera in order to reduce -the thickness of 

the camera when not in use. 

in such a zoom lens, : in or'der. • to ^ realize a moving 
barrel (first barrel) . to^ be . movable- forward- or rearwaid 
along an optical .axi^. of the zoom. r^ns relative to a second 
.barrel (which may be a stationary barrel or ^a moving barrel), 
.in Which the moving barrel is positioned, male and female 

helicoids (helicoid thread<:i ^V*. - ' 

■ ^^-^eaas) are often rormed on an outer 

per iphery ^.ofe 'ithe ■ inovih^' h^^l^^ anS-^^>) nf^i.^^^-: •' t.-' • • . ' 

• ana an^ .inner ..per xpheiy of \ the 

second biarrel, respectivelv ' • ' >PKi> ™ " ^- 

^ • ■ moving barrel is 



.positioned in the second barrel with the male helicoid 
. engaging with the female helicoid. Due to the engagement of 
the helicoids, the moving barreK mpves along ' the. dptical 
■ axis while rotating about th4 .optical axis relative to' the 
second barrel when the moving barrel is driven to rotate 
about, the optical- ;.axis. Instead of using such helicoids, in 
order to realize the moving barrel to mo Ve f orward ' or 
rearward along the optical axis relative to the second 
barrel, it is also often the case that a plurality of cam 
slots or grooves, which are parallel to . one another and 
oblique to the optical axis direction, are formed on; the 
second barrel, and that a corresponding plurality of 
follower pins are fixed on the moving . barrel ; .In this. case, 
the moving b^-^rel i.s positioned, in;, the second barrel .with- 
the follower ..pins respectively engaging with the cam slots 
or grooves, so that, the moving barrel can' move along the 
optical axis while rotating about the optical axis relative 
to the second barrel . 

In such a zoom lens, if a strong impact is applied to 
the front end of the zoom lens in a direction of jr.etractiph 
thereof while the moving barrel is advanced from the second 
barrel, the moving barrel is. forced to retract back into the 
second barrel while rotating. For this^ reason,' in order to 
protect a gear train,, provided in a drive mechanism for 
moving the moving barrel, from being damaged, a clutch is 
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. generally provided in the gear train. However, if a strong 
impact is applied to the front end of " the " zoom- lens in a 
direction of retraction thereof while the moving barrel is 
fully retracted in the" second barrel/ the moving barrel is 
forced to rotate in. a, rbtatlonal direction: to -further. 
• retract intcthe second ba^rr el . , ^ This results ih; damage: to . 
the moving barrel, the. second- Wrel ahd/or bth.r^ p.riph^^ 
members, particularly in the case where the lead of the 
helicoids or the lead of the cam slots or grooves is large, 
i.e., where the helicoids or the ca™. slots or grooves are 
formed such that the moving barrel moves' by a large distance 
along the. optical, axis for an. amount of rotation of the 
moving barrel relatiye to the second barrel . 

It is well known , to provide, a zoom lens in which a 
moving barrel (first barrel, is glided along an optical axis 
without rotating thereabout relative to another . barrel 
(second b^rel) . T^e zoom lens is driven to move along the 
optical axis by a cam me.hax,ism including a cam ring 
■arranged concentric to the first barrel . The c^ ring is 
provided with a Plurality of . cam .lots i. which . a ^ 
corresponding Plurality of .fol lowers ■ are .respectiv^y ' 
fitted, so that the first barrel .x„6v^s- al<iS ' the 
axis 0 . :.elative to the second W,el when the cam ririg 
rotates about the optical ■ axis relative to the first- -barrel, 
in such a conventional zoom let.s, the cam slots are formed 
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on the cam ring such that side" surfaces of each cam slot, 
which determine a predetermined contoured cam surface 
thereof, extend parallel to each other and substantially 
perpendicular- to a part of the wall of the cam ring where 
the cam slot is. formed. However, when a cam ring provided 
with a plurality- of cam slots each having such a shape is 
produced by molding, it is necessary to use a .mold having a 
complicated structure consisting of a plurality of 
complicated mold pieces. 

An object of the present invention is to provide* a 
telescoping type of zoom lens having a plurality of moying 
barrels concentrically arranged, which is provided with a 
mechanism for preventing- the zoom lens from being damaged 
when a strong impact is applied to the front end of the zoom 
.lens, in a ' direction of ret^ractiqn. thereof while the zoom 
lens is fully retracted. 

Another object of the present invention is to provide a 
cam mechanism including a cam ring provided with a plurality 
of cam slots for producing a predetermined movement between 
two moving barrels concentrically, arranged, which can be 
used in a . telescoping type of zoom .lens and. which does not 
require that the cam ring be molded by a mpld of complicated 
structure. 



■Accprding 

to aix. aspect of . the; Present ■ inventibri, there; is;^p^ 
■ lens.^^ bafrea; ■•having ; f «t /Wec^hd and! third ^ barreli 
coh<;ent.rically-arrang^^^ from an optical axis. 

VTiie'l lW^.bairei; ihcludes;:< at least on^, iairi slbl:; f ormkd on 
the is^cond barrel and extending, .oblique to a direction of 
the. opticar axisV at .least one gui<fe gioove forined oh . an 
inner periphery of the third barrel; at. least 6ne follower 
formed on an outer periphery of the first .barrel . and 
engaging with the at least one guide groove through the at 
least' one cam slot; and at least one member integrally 
formed on an outer periphery of the second barrel adjacent 
to an end. of the. at^, least pne.^. cam slot,,., the 'at ' least one., 
member including a surface fbrraed thereon to^VcontactVihi^at. 
least one follower 'when the. at .least^on^y fon 
the end of the at least one cam slot... . 

The at least one guide grobve may be formed to extend 
in the direction of the optical axis. 

■ -pMerably, ;th^^^^ ^^.^ 

rear ehd of the at least one ..cam slot, so that the at least 
one. follower contacts the surface when the first barrel is 
fully retracted into the Second barrel . 

Preferably, the :sec6hd barrel is guided along the 
optical axis without rotating about, the optical axis 
relative to a stationary block of the lens barrel. 
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Preferably, the thdrd barrel /is fitted on the ^;^s^^^^^ 
barrel in such a manner that the third barrel is rotatable. 
about the. optical axis relative to the second, barrel and 
iiTinovable a"long the optical axis, relative to the second 
barrel. 

; .Preferably,;the: at..lekst one. foU^^^^ each ''includes- , 
follower projection forrnfed on the outer periphery of the 
first barrel, and a ring member supported on the follower 
projection, wherein the follower projection and the ring 
member engage with the at least one cam slot and the at 
least one guide groove, respectively, and further wherein 
the ring member contacts, the . surf ac^ when the follower, 
projection moves to the 4n^ of the dam., slot ' 

Preferably, the follower projection and the at- lea. c ^ 
one ^am slot,.;^hichv;^ng^ ^chi;- other :v are 'each tapered 

in a dir^tion dway fi^om .the c^^^^ ........ 

; PreferaBly,- the- at least one cam slot is oblique, to. the ' 
direction .of the opticai axis by a predetermined, angle. ' 

Preferably,, the at least one cam slot is provided at 
the end thereof . with an end slot which extends . in a 
circumferential direction of the sec<5nd barrel, the at least ' 
one member being formed along the end slot. 

Preferably, the second barrel includes a first flange 
formed substantially on a rear .end of - the outer periphery" of 
the second barrel so as to prevent the third barrel from 
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moving forwkrdly from the second barrel .long the optical 
axis, wherein the at least one member is formed integral 

with the first flange, 

Preferably, the lens -Barrel further Includes: a second 
flange forced on a rearmost end of :th. outer: periphery- of . 
the second '=---1 behind^; the %first -.^ahg* ^ wiih \ 
circumlerehtia^rooyi:,fonne^^thiri8*b^ 

projection formed on a rea. end of the. third barrel and 
extending inwardly toward the optical axis, the at least one 
projection being positioned in tSe.cirSumierential groove to 
be ^ided along th. circumferential groove .so that -,the third 
barrel is rotatable about th* optical axis relative, to the 

second barrel while ■ l>eing rest^-i . 

. . . iTO restricted from. mo.ving 

optical axis relative to the second barrel. 

Preferably, the lens barrel further • includes- a 

stationary barrel . in ^i^h - the thi^d Wei is:pb^ition.d; a 
-le helicoid being fof..a on .:l/inh.r periph..^ of- t^. 
stationary barrel; and a fe:„ale. heIi.oid for^a ^on a^^ri • 
end -Of an outer periphery of the thi.d barrel and ' engaging 
with the n^le helicoid, so that the third barrel .oves along 
the optical. axis,^.n driven to rotate about . the optical • 
axis r^jative.tp. the statibn^^btoei: ' ' : ^ --^^ 

Preferably, th. lens b^rel. further ixiciud... at least 

one- engaging projection formed on ^>,o . ^ ^ " ■ 

^. °^ the second barrel and 

extending outwardly in a T-a^-;=i j. 

y in a radial, direction away from the 



Q.S_2 .344 662 



Page.31. of, 83 



8 ' . 

optical axis; and at least one linear guide groove formed on 
the inner periphery of the stationary barrel, the at least' 
one engagindr ■ projection enga:ging with the at least one 
linear guide groove so as to guide the second barrel along 
the optical axis.- 

Preferably, "the lens barrel further includes, at least 
one lead groove for" the at "least one the follower projection 
to be inserted into the at least one cam slot during an 
assembly of the lens barrel, the at least one lead groove 
being formed on an inner periphery of a rear end of the 
second barrel at a rear end "of the at least one cam slot. 

Preferably, a camera is provided with the lens barrel," 
the camera., including; a stationary ;.bl peH;/ on;. ; which/ //t^^^ 
stationary barrel is integrally formed., ; . 

According to another aspect of the present invention,- 
there is provided a telescoping type of iooin lens having 
first, second and third barrels concentrically, arranged in 
this order from, an optical axis.-... The telescoping type of 
zoom lens includes: a plurality of ' cam s 16 ts formed oh .the 
second .barrel and .extending parallel to one another oblique 
to a direction of the optical axis; a plurality of guide 
grooves formed on an inner periphery of the third barrel; a 
plurality of followers formed. on an outer periphery of the 
first barrel and respectively engaging. with the plurality of 
guide grooves through the plurality of cam slots; and a 
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plurality of nvenherseachl being integrally, formed on. an 
■• outer periphery of the - sec^^^^ barrel adjacent to a rear- en<l 

Of a corresponding one .oi the plurality of cani slots, the 
•Plurality of follpv^ers . respectively: cpntacti^ the plurality 
. . of . h^ernbers- when the fir^t h^rrel.' is 'fully -r^ trie tfed l the 

second barrel. 

According 

to another aspect of the present invention, . there is 
provided a cam mechanism used for a photographic lens which 
includes a moving barrel and .a • cam ring, fitted on the moving 
barrel such that th^ moving barrel is movable relative to 
the cam ring along an optical axis of the photographic lens. 
The cam. mechanism include^: at ^le^st^ one ■ cam^ slc^t ^f or:.ed .on 
the cam ring: extending oblique to a direction of the optical 
axis. Wherein the at least one cam slot is formed such that 
a cross-section along a plane ■ perpendicular to a 
longitudinal direction of the ^t least one cam slot tapers 
in .a direction- away from the optical axis; at least one 
follower projection integrally formed, on the-moying barrel. 
Wherein the at least- one follower projection is. formed to 
taper in the. . direction . away from the optical axis to be ■ 
firmly fitted in the at least one: cam slot; at least one 
lead groove for the^ at least one follower projection to be 
inserted into the at least, one cam slot during an asse^^ly 
Of the Photographic lens, the at least one lead groove being 
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-formed on an inner periphery of a, rear end of the moving 
barrel at a rear end of the at least one cam slot; at least 
one follower respectively provided on the at least one 
follower projection; and af-ieast one stopper contacting the 
at ■ least one follower when, the moving barrel is fully 
retracted into the cam rifig in . order to prevent .the- moving, 
barrel frpiri coming out of * the cam ' ring "from a rear end 
thereof, the at least one stopper being integrally formed on 
an outer periphery of the moving, barrel adjacent to the rear 
end of the at least one. cam slot. 

Preferably, the photographic lens is a zoom lens. 
. Preferably, the cam ring is guided along the. optical 
axis without ro.tating about the optical axis relative to a* 
stationary block of the photographic lens. 

Preferably, the at . l^sast one follower is a .ring member 
secured onto the at least- one follower projection by a 
fixing scr.ew screwed in.- the .at least one^ follower 
projection. / 

Preferably, the at least one cam slot is oblique to the 
direction of the optical axis by a predetermined angle. 

•Preferably, the cam 'mechanism further includes:, a 
rotational barrel fitted on the cam. ring to be rotatable 
about the optical axis relative to the .cam ring; and at 
least one guide groove formed on an inner periphery of the 
rotational barrel, the at least one follower being fitted in 
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the at leest -one guide groove, to ,be' guided therealong. ' 

. The at least one guide groove may be formed to extend 
• in the direction of the optical, axis. . " 

Pref er^ly , . the rotational barrel ^. is fitted" on , the .cam 

ring- to - be iinmovaiile along, the -optical akis; relative : to the 

cam ring". ■ • . : . • ■ . X 

According to yet another aspect of the present 
invention, there is provided a cam mechanism used for a 
•photographic lens which includes a .i^oving barrel , and a - cam . 
ring fitted on the moving, barrel such that the moving, barrel 
• is movable relative to the cam ring along an optical axis of 
the photographic lens.. The cam mechanism includes : a 
Plurality of .^cam. slbt. .formed :on theV ^ ring' extending' 
parallel to one another . oblique • to a direction of the- 
.optical axis, wherein the each of the. plurality. .of cam slots 
is formed such that, a .cross-section along a ' plahe 
perpendicular to a Vldngitudinal direction thereof tapers in 
a direction away , from-..; the optical axis; a plurality of 
follower projections integrally formed on the moving barrel. 
Wherein each of the.. plurality of follower projection, is 
formed to taper in the direction away from the optical axis 
to be firmly fitted in a corresponding one of the plurality 
.of cam .slot^r.a Plurality of • lead • grooves ' for each .of the ' 
Plurality of. fpllower projections to be inserted into a 
corresponding one of the plurality .of cam. slots during an 



assenibly of the photographic lens- ' • each' of the plurality of 
lead .grooves being fonhed . on an ^dnner -'periphery'^p a. rear 
end of the moving barrel at a rear end of a corresponding 
one of .the plurality of cam slots; a plurality of followers 
each provided on a corresponding one of the plurality of 
follpwer; projections; • and' a plurality of .stoppers each 
contacting a correspondirig one bf • the plurality of I fbllbWers 
without contacting a corresponding one of. the plurality of 
-follower projections when the moving barrel is fully 
retracted into. the. cam ring in order to prevent the moving 
barrel from coming put of the cam ring from a rear end 
thereof, each of the plurality of .stoppers being integrally 
.formed , on an .outer periphery of. the moving .barrel adjacent 
to a . rear end of a corresponding one. of the plurality of cam 
slots. 

An example of the present invention will now 

. be described below in detail with 
reference, to the accompanying drawings in which similar, 
elements are. indicated by similar reference numerals, and 
wherein 

Figure 1 is an e>qoloded perspective, view of a .part of a • 
..zoom lens barrel.'; 

Figure 2 is- an enlarged perspective view of a linear 
guide barrel of the zoom lens barrel shown in Figure 1; 



Figure 3 is an exploded sectional view of a part of the 
• zoom lens barrel,-:". 

■^/Fi^re 4 is a sectional view .of /th^^^^ the.zoom 
lens barrel showri^ in Figure 3 in an , Assembled ' state ; 

Figure 5 is a developed view 'of the outer periphery of 
the linear guide barrel shown in Figure 2; . ., 

Figure 6 is an enlarged view of a part of the" developed 
view shown in Figure 5; 

Figure 7 is an enlarged ■ schematic perspective view 
showing a part of the zoom lens barrel; 

Figure 8 is a schematic perspective view showing the . 
part of the- zoom. lens barrel shown in Figure 7 in an engaged 

State; . 

Figure 9 is an enlarged :exploded perspective/view 
part of the zoom lens barrel; . 

Figure IP is a schematic perspective .view illustrating 
a state where an AF/AE.shutter unit of the /zoom lens barrel 
is mounted to a first moving barrel; 

. Figure 11 is an exploded perspective view illustrating 
main parts of the AF/AE shutter unit of the zoom lens barrel 
shown in Figure 7, 8, 9 or 10; 

Figure' 12 is an enlarged schematic perspective view of 
the third, moving barrel of the zoom 1^ barrel; ' 

Figure 13. is a. front elevational view of a fixed lens 
barrel block of the zoom lens barrel;. 
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Figure 14 is a sectional view of " an .upper -.part of. the 
zoom lens barrel, in a it^imum extended state; 

Ficfure 15 is a sectional view of an upper part of the 
zoom lens barrel / . •11 lust rating/ main" ' ' elements • in. a 
■housed state;-,." 

Figure 16 is a sectional" view of the upper part: of the 
zoom lens barrel shdwii in Figure 15. in the m;aximtzin .e:itehded 
state.; 

. Figure 17 is a sectional view of an upper part of the 
.zoom lens barrel in the housed state;. ..' ' 

Figure 18 is .an exploded perspective view 'of the 
overall structure of the •zoom lens barrel;. 

Figure 19 is a block diagram of a controlling ; system 
for controlling an operation of the. zoom lens barrel; 

Figure 20 is a sectional view of an upper part of a 
lens supporting barrel . which supports a front lens group 
therein, and a lens fixing ring which- is .to., be screw-engaged 
with the lens supporting baxxel; 

Figure 21 is an enlarged perspective vielw of the lens 
supporting barrel shown in Figure 2-0; and 

Figure 22 is an enlarged sectional view of a ^ part of 
the leps fixing ring shown in Figure "20.. " ■ 



Figure 19 is a schematic representation of various 
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• elements which comprise', a preferred embodiment of a ■ zoohi^ 
lens camera to which 'the present ■invehtion. fs ■applied 
concept of the present zoom lens ;camera will 'how ' be 
described with reference to Figure 19. 

The zoom lens camera is provided with ,a zoom lens 
barrel (zoom lens) 10. of a .thre^-stage delivery type 
(telescoping-^^type). having 'three moving .barrels;- hamely a- 
first moving barrel 20, a second moving barrel 19 and a 
third moving barrel -(rotational, barrel) 16, which are 
concentrically arranged in. this order from an optical axis 
0. In the zoom lens barrel 10 two lens groups are provided 
as a pho.tographic optical system, namely a front lens group- 

LI having positive j,ower .and a rear ' le^s! ^.grbup..L2 . haying . 
negative power. 

in the camera- body, a whple . optical unit^^'drivin^^^mbtior ' 
controller -60, a .rear, lehs g^up driving motor controller " 
61, a zoom; operating. device 62, a focus operating device 63, " 
an Object distance measuring,^pparatus; 64, a photometering 
apparatus 65/ and an (^^3.,. automatic exposure^ motor 
controller 66, are provided. Although the. specific focusing 
system of the object distance measuring apparatus 64. which 
is used to provide information regarding the object-to- 
camera distance, does not form part of the present 
invention, one such suitable system is .disclosed ih c^imihoniy ■ 
assigned U.K. Patent Application No. 2298331, - fUe^ 
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February 22, i996, and published on 28 August 1996. 

Although the' 

focusing systems disclosed in U.K. Patent Application No. 
2298331 are of the . so-called ^passive" type, other known 
autofocus systems (e.g., active range f indihg/systemsV,such 
as those based on infrared light and .triangulatibn) may be 
used. Similarly, ■;. a photbmetering system- as disclosed in" the " 
above -no ted. U.K. Patent Application No, 2298331 could be 
implemented as photbmetering apparatus 65. 

The zoom operating device 62 can be provided in the 
form of, for example, a manually-operable zoom operating 
lever (not shown) provided on the camera body or. a. pair of 
zoom buttons, e.g., a "wide" zoom button and a "tele" zoom 
button, (not shown) provided on the camera body. .When the 
zoom operating device 62 is operated, the whole optical unit 
driving motor controller 60 drives a whole optical unit . 
driving motor 25 to move . the . f ront lens- group. LI and" the 
rear lens group L2, rearwardly or fprwardly without regard 
to a focal length and / a focal point thereof . In .. the. 
following explanation, forward and rearward movements of the,' 
lens groups LI and L2 by the whole optical* unit driving 
motor controller 60 (the motor 25). are referred . to as. the 
movement toward tele" and. the movement toward ^^wide" 
respectively, since forward and. rearward movements of the 
lens groups LI and L2' occur when the zoom operating device 
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62 is bperated to "tele" and- "wide- positions . 

•. The image magnificati^^^ of the visual field of a zoom 
.finder 67 provided in the camera body varies in sequence 
• with the variation of the. focal length through the operation 
of the zoom operating, device. 62; ; .Therefbre/ the 
., photographer can pferceiye' the variation of the-' -focal length' 
by observing the variation "of image magnification of the 
visual field of the finder, m addition, the focal length, 
set by the operation of the zoom operating device 62, maybe 
. :perceived by a value indicated on an LCD (liquid crystal 
display) panel (not shown) or the like. 

When the focus operating device .63 is operated! the^ 
whole optical unit driving motor controller 60 drives the. 
whole optical unit driving motor 25. At the .same time the 
rear lens group driving motor cqntroller 61; drives a rear- 
lens, grpup driving motor 3:0: ;;pue ^tp the driving of .the 
V . ^ole optical unit driving motor ^controller 60 and the rear 
lens grpiip driving motor controllfer l 61, "the front and 'rear 
lens groups 'LI and L2. are moved -to respective positions 
corresponding to a set focal length and a detected object 
distance and thereby the zoom lens is focused on the 
• siibject. . . 

•Specifically, the focus operating device 63 is provided 
with a release button (not .shown) .provided .on. an upper wall 
of the camera body. a photometering switch and a release 
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switch -(both hot .shown) are synGhfoni zed. with thi." release 
button. When the release biatton is half-depressed (half 
step),, the focus operating ' device 63 causes the 
photometering switch to be turned ON, and the object, 
distance measuring and photometering commands are 
respectively input to . the pbject ..distance . measurihg: 
apparatus - 64 and the -photometering ippardeus 65 ■ ^ .^^^ 

When, the release button is fully depressed .(full step), 
the focus operating device 63 causes the release switch to 
be turned ON, and according to the result of object distance 
jneasuring demand and a set focal length, the whole optical 
unit driving motor 25 and the rear lens group driving motor 
3 0 are driven, and the focusing operation, in which .the 
front ien's group.: -LI anci- the rear /iiens gr0uprL2' move'^^t^ 
focusing position. : is executed. Further, .an AJE -motor 29 of 
an.AF/AE (i;e., auto.f ocus/autoexposure) shutter unit 
(electrical- unit) 21 (Figure. 11) is driven via the .AE. motor 
controller 66 to actuate a. shutter 27. During the shutter 
action, the AE. motor controller 66 drives the AE motor 29 to 
open shutter blades 27a of the shutter 27 for a specified 
period of time according to the photometering information 
output from the photometering apparatus 65. 

.; When the .zoom operating .device' 62 is operated; the . zoom, 
operating device 62 drives the. whole optical unit driving 
motor 25 to.mcsve the front, and rear lens groups LI and . L2 . 
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together as a whole in the direction of the optical ' axis 0 . ' 
(optical axis direction).. Simultanebiis with^ such, a 
movement, the re^r lens group •'driving motor 30 may. also be 
driven via the rear lens group driving motor controller 61 ' 
to move the rear lens group L2 relative to the first lens 
group, -Li; ......However. this is hot ; performed, under: -the . 

convehtionai concept of zoomirig in which the focal -■length is 
varied sequentially without moving the position of the focal 
point. When the zoom operating device 62 is operated, the 
following two modes are available, namely: 

1. a mode to move the front lens group LI and the rear 

lens group L2 in the optical" axis direction without varying 

.the distance therebetween .by .driving the.=Wh9le .optical -jv/y ' 

unit driving motor 25; "and. 

2. a mode to move the front lens group LI and the rear 
iens group L2 in the optical axis direction while va^ing 
the distance therebetween by driving both the • whole optical 
unit driving motor 25 and the rear. lens, group driving motor 



30. 



In mode 1;, during a zooming operation an in-focus 
condition cannot be obtained at all. times with respeet to a 
subject located at a specific distance. However, this is 
not a problem in . a lens-shutter type camera, since the image' 
of the subject is not observed through ; the . phot ogra^^^^ 
optical system, but through the finder optical system^ that 



is provided separate from the . photographing optical system, 
and It is sufficient tO:. only be focused when- .the- shutter is 
released, in mode 2,' during a zooming operation, the front 
lens group LI and .the- rear lens . group ;. '1^2 • are' m^ without ' 
regard to whether the' focal : poiht ' move s^^^^^ ahd - when the 
shutter is released, the focusing operation (focus adjusting 
operation) is carried out by moving both the whole optical 
unit driving motor 25 and the rear .lens group driving motor 
30. 

When the focus opera.ting device ;63 is operated in at 
least one part of .the focal length rangis set by the zo.om 
operating device 62, the whole optical unit driving motor 25 
and the rear lens group driving .motor- .30 ;are^^^ to bring 

the sub.j.ect into focus. The amourX. of moy^irient o each lens, 
group. LI or L2 by the whole optical unit driving motor 2'5 
and the rear , lens . group driving ;mb;.tor .3 0.- is- determined not 
only using subject distance information provided from the 
object distance measuring apparatus 64, but also by using 
focal length information set by the zoom operating device 
62. In such a manner, when the focus operating device 63 is 
operated, by moving both the whole optical unit driving 
motor 25 and the rear "lens group driving motor 30, .the 
position of the lens groups LI, L2 can be. flexibly 
-controlled, as compared with lens movements controlled by 
cam . 
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The -zoom lens camera of this embodiment can also be 
controlled in a different manner ' such that, during an 
operation of the zoom .operating device 62, only- the 
magnification of the ?bom .finder 67 and the focal le^^^^^^^ 
•..information are varied without :driying;^ither tiie,;whole 
optical .unit driving ^otor . 2S or: the xear lens group .^driving 
motor 30V ' When ^ the : focus ^cpferating devi^^ 63 is operated, 
both the whole optical unit/driving motor 2 5 and. the rear 
-.lens group driving motor 30 are. moved simultaneously ' 
.accprding..to the focal length 'information and the subject 
distance information . obtained by . the object • distance 
measuring apparatus 64 to move the front lens group LI and 
. the rear lens group. L2 to respective positions determined 
according to the .focal length and the subject distance 
information. 

. . An pediment, of; the zoe,m lens barrel aceording^to ' the ' . 
above- concept- will now.bevdescribed, with .reference to /mainly ■ 
Figures 17 and: 18. 

The. overall structure of the zoom lens barrel 10 will 
firstly be described. 

The zoom lens barrel 10 is provided with' the first 
moving barrel 20, the second moving barrel. 19, the third 
moving barrel .16, and a fixed lens ' barrel block 12 . The ' 
third moving barrel 16 is engaged with a cylindrical portion ' 
12p of the fixed lens barrel : block 12, ' and moves in the ■ 



optical axis direction upon being rotated..- The third .moving 
barrel 1.6 is provided pri an inner periphery thereof ■ with. .a' 
linear guide barrel (.cam ring or second, barrel) 17, which is 
restricted in rotation The linear guide ^barrel 17 and the 
third moving - barrel' 1.6 mo.ve .together as. W whole .in-: the 
optical "axis direction/" withV 'the .third "::Ynq^ 16 
rotating . relative tp the linear guide barrel 17 , The first" 
moving barrel • 20 • moves in the optical axis direction with 
rotation thereof being restricted. The second moving barrel 
19 moves in the optical axis direction, while rotating 
relative to the linear guide barrel 17 and the first. rnqving 
barrel 20. The Whole optical unit driving " motor . 25 is 
secured to: the' f ixed . leris:'' b block- 12 . '\-:- A -'s^ut:t^r'. 

mounting stage -40 ^ is secured to Vthe first .rnoving •.barrel. 2 b.". 
The AE motor 29 and the rear lens - group ..driving motor 30' are 
mounted on the shutter mounting stage 40. The front lens 
group LI and the . rear • lens group L2 are. respectively 
supported by a .lens supporting barrel. (Lens supporting* 
annular member) 34 and a l.ehs supporting barrel 50. • 

An 0-ring 70, made of a .rubber or .the like, is. 
positioned' between an outer peripheral circumferential 
surface of the .lens supporting barrel 34, in the vicinity of 
the front end -thereof, and an inner peripheral 
circumferential surface of an inner. -.flange portion 20b 
formed integral with the first : moving - barrel' 20 in the 



vicinity of the front end thereof, as shown in Figure 17. 

The 0-ring 70 prevents water from penetrating the zoom lens 

barrel 1.0 at the front end thereof between the first moving.. 

barrel 20 and the lens supporting barrel- 34. . . 

As shown in Figure 20, . the ■ front .lens group: LI. consists 
■ of five lenses, ■ namely,- ;a-- first lens ('froiiTmbst -l^ehs) - Lla, ' a 

second lens Lib, a third lens Lie, a fourth lens Lid and a 

fifth lens Lie in this order from an object, side to an image 

side, i.e., from the left hand side to the right hand side 

as viewed in Figure 2Py' 

A front positioning ring 36 for determining a distance; 

between the second lens Lib and the thii^d lens Lie is 
positioned and held between the second lens Lib and the 

third lens Lie . An outer peripheral surface of the 
positioning ring 36 is. fitted on an inner peripheral surface 
of the lens supporting barrel 34. Likewise, a rear 
positioning, ring-37. for determining a-distance between the 
third lens Lie and the fourth lens Lid is positioned and 
held between the third lens Lie and the fourth lens Lid. An' 
outer peripheral surface of the positioning ring 37 is 
fitted on an inner peripheral surface of the. lens supporting 
barrel 34; The. rear surface of the .fourth lens Lid. and the 
front surface .of the. fifth lens.: Ll.e are cemented to each ' 
other, so that the fourth and fifth lenses Lid, Lie are 
formed as a cemented or composite lens. A front 



circumferential edge Llf • of the second lens .Lib albri^ : the* " 
circumfereritiai edge thereof contacts the xeat suf f ac^"- o 
the first lens Lia. A ; rear circumferential edge Llg of- the 

.fifth lens Lie. along/ the- circumferential edge " thereof 
contacts ^ari inwardly-^to: ectih^'^ flange ' 34b formed int^gretl 
with the rear end of the :lehs supporting barrel 34. 

A. female thread 34a is formed on an inner .periphery of 

'a front part of the lens supporting barrel 34, as shovm in 
Figure 20 or 21, -A lens fixing ring 72, for fixing the 
first lens Lla to the. lens supporting barrel 34, engages - 
with the lens supporting barrel 34. with this arrangement, a ■ 
male thread 72a formed on the. outer peripheral surface" of 
the lens fixing ring 72 meshes with the... female thread ■.34a., ^ 
A circular abutting surface 72b is formed on the' lens' fixing 
ring 72 on an inner peripheral surface thereof. The 
circular abutting surface 72b comes into contact . with a 

.circumferential portion fp .of . the . front surface of the first 
lens Lla iii a state when .the. lens fixing ring 72 is properly 
screw- engaged ■ with the lens supporting barrel 34. The 
circular abutting surface 72b is formed to be substantially 
parallel to the circumferential portion fp so that the 
circular abutting surface 72b and the circumferential 
portion f p • may be brought tightly into contact with each 
other when the lens fixing rang 72 is properly screw-engaged 
with the lens supporting barrel 34, 



A supporting ring, portion . 34c is formed integral with 
the lens supporting barrel ^3 4-. The. supporting ring portion 
34c is located, inwardly from the female thread 34a in a 
radial direction of the lens supporting barrel ■ 34 . The inner 
peripheral surface: of .the, suppbrting- tihg portion- 34c. which 
ektends. in the; optical axis. dirfecti6iv,.yc6i^^ into "coatact 
with -an -^outer circumferential edg^:br Wf ace /op of •■the' 
first lens Lla. An annular positioning surface 34d, 
extending substantially normal, to the optical axis 0, is 
formed on the lens supporting barrel 34 immediately behind 
the supporting ring portion 34c. The circumferential edge 
of the rear surface of the first lens Lla comes- into contact 
with -the.ppsitioning- surface 34d. With this .structure,, the. 
first lens Lla is imiabvably held between :the circular, 
abutting surf ace 72b .and the positioning surface 34d in the 
,optical axis direction, and the first lens Lla is immovably 
held by the supporting, ring portion .34c in a radial 
direction normal to the optical axis O. 

AS shown in Figure- 22, a coating 72e is coated on the 
circular abutting .surface 7.2b. - The coating 72.e is a 
waterproof coating made of a synthetic, resin. In the 
preserit -embodiment, ."Fantas Coat SF-6 (trademark of a 
coating produced by the Japanese Company "Origin Denki 
Kabushiki Kaisha")," is used , as the coating -726. The front 
surface of the-.-first lens Lla is formed very smooth, whereas 



the circular abutting surface 72b of- the lens fixing ring 72 
is not formed as^ smoothly ( i: e^," has a* rough finish) as the 
f rontVsurf ace of the . first lens Lla . .This is because the 
first lens -Lla is more minutely and accurately formed, than 
the lens fixing ring. 72 since the - first lens. -Lla is. a 
precision, optical element. Due to this fact, were it not 
for the coating 72e on the cirGular; atutting s .a 
substantial gap ' would be formed between the circular, 
abutting surface 72b and the circumferential portion fp even 
if the circular abutting surface 72b properly arid tightly in 
contact, with the circ\imf erential portion fp by properly 
screw-engaging the lens fixing ring 7-2 with the female 
thread 34a * As a result, water or moisture would be- able, to- 
penetrate • .into the ; lens • supportiiig . barrel- 34 ■ through the 
subs-tahtial gap.. Howeyer, in the . present ' embodiment , the 
coating 72e is applied to" the circular abutting surface 72b 
so as to make the surface thereof a" smooth surface which 
does not cause to form such a substantial gap between the 
circular abutting surface 72b and the circumferential 
portion fp when the circular abutting surf ac:B 72b properly 
contacts the- circumferential portion fp. Accordingly, the. 
coating 72e,- positioned arid held between the circular 
abutting surface :72b: and the circumferential portion fp, 
effectively prevents water or moisture from, penetrating the 
lens supporting barrel ,34 between the . circular abutting 
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surface 72b and the circumferential portion fp under the 
condition that the circular abutting surface 72b is properly 
and tightly in contact with the circumferential portion fp 
by properly screw- engaging the lens fixing ring 72 with the •' 
female thread' 34a. ' ' ' . 

. A circular surface 7.2c is f brmfed pn the -. lens fixing 

ring 72. The circular' surface 72c is connected to the 
circular abutting surface 72b and is located immediately ' 
outward in a radial direction from the circular abutting . ' 
surface 72b. A front part of the outer circumferential. . 
. surface op of the first lens Lla (i.e., a circumferential 
edge of the first lens Lla-) comes into contact with : the 
circular .^surfac^ •72c when the lens -fixing ring 72 proper ly" 
■ . engages with the. female .thread 343. : Du^ 

surface 72c- contaqting the outer circumferential surf'ace op, 
the watertight structure betw^eri the circular abutting 
surface 72b and. .the .circumferential portion f p,. . that' is 
realized by the coating 72e, is enliahced. . That- is,-, a highly 
ef f iGient .watejr.tight connection -betwepn the' first ' lens . Lla 
arid the lens fixing ring 7 2 is rec^lized by providing .both 
the coating 72e and the circular surface 72c with the lens, 
fixing ring 72 . 

An annular recessed portion 3 4e is formed on the lens 
supporting barrel 34 between the female thread 34a and the 
supporting ring portion 34c. As shown in Figure 17. in a 
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State where the lens fixing ring 72 is properly screw- 
engaged with the. female, thifead 34ay ;a rear end 7 2d 'of- " the 
lens fixing ring 72 is positioned in the annular . recessed 
portion 34e with the rear end 72d not contacting . the bottom- 
(i.e. , rearmost ^nd). -of the recessed portion 3 4e; nainely/ an 
annular space is " formed in* the annular- recessed portion" 34e 
between the rear end .72d and the bottom of the. recessed 
portion 34e. 

The fixed lens bcurrel block 12 is fixed in front of an 
aperture plate 14 fixed to the - camera body . The. aperture 
plate "14 is provided on a center thereof with a rectangular- 
shaped aperture 14a which forms the limits of each frame' 
expQsed. The :f ixed. lens barrel block 12 is provided, .on. an 
inner periphery of the cylindrical portion 12p, with- a 
female heliqoid 12a, cind also a plurality .of linear guide 
girobves 12b each extending parallel to the optical axis O, 
i.ia., extending in the optical axis direction. At the 
bottom of one of the linear guide grooves 12b, namely 12b'' 
a code plate .13a, having a predetermined code pattern, is 
fixed. The code plate .13a. extends . in the optical axis 
direction and extends along substantially the whole of the 
length of the fixed lens barrel block 12. The code plate 
13a is part of a flexible printed circuit board 13 
positioned outside the. fixed lens barrel block 12 . 

In the fixed lens barrel block 12, a gear housing 12c, 



GB 2 344 662. 



Page_52,of 83 



29 • . 

which is recessed outwardly from an inner periphery of .the 
cylindrical portion 12*p' of the : fi>:ed ;*lens barrel block 12 in 
a radial direction while extending, in the optical axis 
direction,, is provided as shown in Figure 13 ;or 18. In the 
gear housing 12c, a driving pinion 15, extending in the 
optical axis direction-, is . rota tably held. . Both ^nds of an 
axial shaft 7 of the driving pinion 15 are rotatively 
supported by a supporting hollow . 4>- provided in the fixed 
lens barrel -block 12., and a supporting hollow 31a, provided 
on a gear supporting plate 31 fixed on the fixed lens barrel 
block 12 by set screws . (not shown) , respectively. Part of 
the teeth of the driving pinion 15 project inwardly from the 
inner periphery of -the cylindrical, p^^^ 12p of the f ixed, 

lens barrel block 12 so that the driving pinion 15 meshes, 
with an -outer peripheral gear 16b of " the third moving barrel 

..16, as shown in Figure . 13.' 

On an; inner periphery of the . third=. ntbvingr barrel 16, a 

. plurality, "of . lineai;.. guide; grooves; 16c, - each extending 
parallel to the optical axis O, ^ are formed. At an outer 
periphery of the rear end of the third moving barrel 16, a 
male helicoid 16a and the aforementioned outer., peripheral 
gear 16b are provided as shown in Figure 12, The male 
helicoid 16a engages with the female helicoid 12a of the 
fixed lens barrel block 12. The outer . peripheral gear. 16b 
engages with the driving pinion 15. The driving pinion 15 
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has an axial length, sufficient to be capable of engaging 
with -the outer peripheral gear 16b throughout the entire- 
range of movement of the third moving barrel 16 in the 
optical axis direction. 

As shown in -Figure 2, the linear guide, barrel 17 is 
provided, on a rear part of an outer periphisrV' thereof , with' 
a rear end flange 17.d; The rear end" flange i7d has a" 
plurality of engaging projections 17c each projecting away 
from the optical axis O in a radial "direction. The linear 
guide barrel 17 is further provided, in" front of the rear 
end flange • .17d, with a retaining flange .17e. ■ A 
circumferential groove 17g is formed between the rear end 
•flange a7d and the retaining flange 17e: . The retaining 
flange 17e ha?- a radius smaller than the rear end flange- 
17d. . The retaining '.f lange 17e .is. brovided with a plurality 
of cutout portions i7f. Each'of the cutout portions 17f 
allows a 'corresponding .engaging . projection 16d to be 
inserted into the circumferential groove 17g, as shown in 
Figure 17 . 

The third moving barrel 16 is provided, on an inner 
periphery of the -rear; end thereof, .with" a plurality, of 
engaging projections 16d. Each of the engaging projections 
16d ' projects towards the : optical axis O in. a radial 
direction. 3y inserting the_engaging projections 16d into 
the circumferential groove 17g, through the corresponding 
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cutout portions lit, the engaging projections ISd.are 
positioned in the circumferential groove 17g between the 
flanges 17d and 17e (.see Figure 17). By rotating the third 
moving barrel IS relative to the linear guide barrel 17, the 
engaging projections 16d are engaged with.. the lih^r •■guid-^' 
bcirrel 17-. ■ ■ . 

On the rear end of the liiiear ■ guide , barrel 17, ■ an 
• aperture plate 23 having a rectangular- shaped aperture 23a 
approximately the same shape as the aperture 14a, . is fixed. 

.• The relative rotation of the linear guide barrel 17, 
with respect to the fixed/lens . barrel . block 12, is 
restricted by the .slidable engagement of the plurality of 
engaging projections^ 17c with, the corresponding: linear; guide ; 
grooves 12b, formed parallel to the .optical axis 0. ' 

A contacting terminal 9 is fixed to one of the engaging 
projections 17c. namely 17c.': .The contacting^ terminal 9 is- 
• in slidable contact with the code plate i3a, fixed^to the ' 
bottom of the linear, guide groove 12b' . to' generate .signals 

corresponding to focal length information. during zooming. . 

On the inner periphery of the. linear guide barrel 17 a 
Plurality of linear guide grooves 17a: are formed, each 
extending parallel to. the optical axis b. A plurality of 
lead slots (cam slots) I7b are also- formed on the linear 
guide barrel 17 as shown- in Figure 2 or ,18. The lead slots 
17b are each formed oblique (inclined) to the optical axis. 



0. The linear guide barrel 17.inay.be provided/ for example, 
-.vrith three linear guide grpoves 17a and .three ■ lead slots. 
17b. More specifically, the \ead slots 17b extend parallel' 
to one another as shown in Figure 5 and each lead slot 17b 
is oblique to . both the optical axis direction .(horizontal 
direction as viewed in,. Figure. 5) - and a circumferential, 
direction of the linear guide barrel. 17 (vertical directioh 
as viewed in Figure 5) by a predetermined angle. 
Furthermore, each lead slot 17b is formed such that a cross- 
section along a plane perpendicular to a longitudinal 
direction thereof tapers in a direction . away from a 
corresponding follower projection 19a, i.e., away from the 
optical axis O, • tp: correspond :to: -the shape o.f.\the 
corresporiding follower projection:. i9a. ..In other words, each 
lead slot 17b is formed : such that side surfaces 17bs of each 
lead slot 17b, with which ■ the corresponding follower 
projection 19a slidably contacts, approach each other in the 
direction away from the corresponding, follower, projection 
19a. A cross-sectiohal shape of each lead slot 17b along a 
plane perpendicular to a longitudinal direction thereof is 
accordingly trapezoidal corresponding to the shape of the 
corresponding follower projection" 19a, as can be seen in 
Figxiire 3 or 4 . 

The second moving barrel 19 engages with the inner 
periphery of the linear guide barrel 17. On the inner 
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periphery of the second ' moving barrel 19;. a plurality ' of. 
lead grooves 19c- are provided' in a direction inclined 
oppositely to the lead slots IVis. Each lead gropye ' i9c is 
oblique, to both the optical ' axis direction' and ' a" 
circumferential direction of the linear guide barrel 17 by a 
predetermined angle/ similar to each lead slot 1,7 b. On "the 
outer periphery of the rear end of the second moving barrel 
19 a plurality of follower projections 19a are provided. 
Each of the follower projections i9a has a trapezoidal 
cross-sectional shape projectihg away from the optical axis:.. 
0 in a radial direction. The trapezoidal cross-sectional . 
sh^pe corresponds to that of -the corresponding lead slot 17b 
so that each follower projection 19a can firmly and sUdably 
contact the side- surfaces 17bs. of the corresponding lead', 
slot . 17b. The second moving barrel, 19 . is molded using , a 
synthetic resin, specifically, a polycairbonat^, coiitk 
percent glass fibers," and the follower projections 19a are 
integrally formed on the second moving barrel 19. The 
second moving barrel 19 may be formed from other types- of 
synthetic resins. The linear guide barrel 17 is also molded 
using a polycarbonate containing 2,0 percent, glass fibers, 
but may be formed from other types of synthetic .resins. 
Follower pins 18 are positioned' in the . follower projections 
19a. Each follower pin 18 consists ; of " a ring member 18a, 
and a center fixing screw 18b which supports the ring member 



18a on the corresponding follower projection 19a. The 
follower projections 19a are in slidable engagement . with the 
lead slots 17b of the linear guide barrel. 17 , ' and. the. 
follower pins 18 are in slidable -engagement with. the linear 
guide grooves. 16c of the third iaoving' barrel 16 ^• ' wit!h such 
an. arrangement, when the third moving barrel 16 rotates, the 
second moving barrel 19 moves linearly in -the optical axis 
direction, while rotating. 

.On the. inner periphery of the second moving barrel 19, 
the first moving barrel 20 is engaged. The first moving 
barrel ^2 0 is provided on an outer periphery of the rear 
thereof with a plurality of follower pins 24 each - engaging 
with the corresponding inner lead groove 19c, and at the 
same time the first moving barrel 20 is guided linearly by .a 
linear, guide member 22. • The first moving barrel -^0:. is 
provided at the front end thereof with a decorative plate 41 
secured -thereto. 

As shown in Figures 7 and 8, the linear guide merhber 22 
is provided with an annular member 22a, a pair of guide legs 
22b and a plurality of engaging projections 28. The pair of 
guide legs 22b project from the -annular .member .22a- in the 
optical axis direction. The plurality of engaging 
projections 28 each project from the annular member 22a away 
from the optical axis 0 in a radial direction. The engaging 
projections 28 slidably engage with the linear guide grooves 



17a. .The guide legs . 22b are respectively inserted into 
linear guides 400.. between the .inner peripheral surface of 
the first amoving barrel- 20 and the AF/AE shutter unit 21. 

The annular menu^er 22a. of : the linear guide meniber 22 is ' 
conhected to the rear of thfe. second iiioying .barrWr'isV '-^uch ' 
that the lihear guide nlenibef 22 arid^ the second moving barrel ■ 
19 are capable of moving along the' optical axis 0 as' a 
whole, and in addition are- capable of relatively rotating 
around the optical axis O. The linear guide member 22 is 
further provided on the outer periphery of the rear end 
thereof witJ. a rear end flange. 22d. The linear guide member 
22 is further- provided in front of the rear end flange . 22d 
■with a retaining flange . :22c. ; A /tircumf^rential ^gi- 
, is. formed -between. the-. rear >nd.;fi^^^ 
flange 22c. The retaining flange 22c has. a radius smaller , • 
than the rear end flang^ 22d, The retaining flange 22c ..is . 
provided with a plurality of cutout portions 22e, as shown 
in Figure 7 or'-S, each allowing a corresponding engaging ' 
projection- 19b to" be inserted into the circumferential 
groove 22f, as shown in Figure 17, 

The second moving barrel 19 is provided on an inner ^ 
periphery ..of .the rear end thereof with, a plurality, of 
engaging projections 19b, each projecting ..towards, the 
optical axis 0 in a radial direction: .By- inserting the 
engaging projections 19b into the circumf erehtial groove 22 f 



through the corresponding cutout pottion^' 22 e, th§*" Engaging 
projections 19b are -positioned -in thevcircimf erentxal groove 
22f between the flangeis '22c and 2i2d, By rotating the." second 
moving barrel 19 relative to the linear guide member 22, the 
engaging projections 19b are: engaged with, the linear ^guide 
member.- 22 .. With the above /structure, when the setdild: moving 
barrel' 19* rotates in the forward- or' revef se : rbtational 
direction/ the first moving barrel 20 : moves linearly, 
forwardly or rearwardly along the optical axis 0, but is 
restricted from rotating. 

At the front of the first moving barrel 20, a. barrier- 
apparatus 35 having barrier blades 48a and 48b is ihountedv 
On an inrier peripheral face of •the first moving barrel 20 
the AF/AE shutter unit 21 haying the vshut^ 

of three shu titer blaides. 27a, is engaged and fixed, as shown, 
in. Figure 15. - The AF/AE :shutter unit 21. is. provided .with a 
plurality* of fixing holes .40a formied at even angular 
intervals on the outer periphery of the shutter :mounting 
stage 40 ; Only one of the fixing holes 4.0a appears dn each 
of Figures 7 through 11 . 

The aforementioned plurality of follower pins 24, which 
engage with the inner lead grooves ISc, also serve as a 
device f or . fixing ■ the AF/AE shutter, unit 2.1 to the first 
moving barrel 20. The follower, pins 24 are ihserted iri 
holes 20a, formed on the first -moving barrel 20, ; arid' fixed 
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■ ■ ■ . • • . - • 37,., ■.. ■ . ■ .. ' ■ ' ' . ^ : 

■ in the fixing holes 40a. .With this arrangement the AF/AE ■ 
shutter linit 21 is secured to the first moving barrel -.20 as 
shown in' Figure 10. In Figure .10 the first moving barrel 20 
is indicated by phantom lines.. The. follower pins .24 may be 
fixed by an adhesive, or the pins 24 may -be .foriied; a'^^ ' 
to be screwed into, the fixing: holes 40W. ' ; •: : 

• As iliustrated in Figures 11. .^nd 18 , the AF/AE -shutter - 
unit 21 is provided with the shutter mounting- stage 40, a 
shutter blade supporting ring 46 fixed on the rear of the 
shutter mounting stage .40 so as to be : located inside the • 
shutter mounting stage 40, .and the lens supporting barrel 50 
supported in a state of being capable of movement relative 
to the shutter mounting stage 40. On the' shutter mounting ' 
stage 40, the ^ lens supporting barrel 34. the AE.,- motor -29. ' 
and the rear, lens group driving motor 30, ; are . supported.. 
The shutter mounting sta^e 4 Q is; provided^; With ah ^annular 
member 40f having a circular aperture 40d., The' shutter . 
mounting stage 40 is also provided with three legs 40b which 
project rearward from ..the annular member 40f. Three slits 
are defined between the^. three legs 40b. ' Two of the- slits 
comprise the aforementioned linear guides 40c. which 
slidably. engage with the respective p^ir of guide legs 22b 
Of the linear, guide member 22 so as , to guide the movement o.f . 
the linear guide- member 22 . 

The shutter mounting stage 40 supports an AE gear train 



.38 

45, V7hich transmits- a rotation of • the AE motor 29 to the 
shutter^ 27 , a lens driving gear train " 42, which • transi^its 
rotation of the rear lens group driving motor JO to a screw 
shaft 43-, photointerrupters . 56 • and 57, connected to a 
flexible printed circuit board 6, and rotating disks 58 and- 
59, having a plurality of radially formed slits provided in 
the circuihf erent ial; direction : \ "jto'\ehc6der for detecting " 
whether the rear lens group driving motor 30 is rotating, and 
for detecting an amount of rotation .of the rear lens group 
driving motor 30. consists of the photointerrupter 57 and- the 
■ rotating disk 59. An AE motor encoder, for detecting :• whether 
the AS motor 29 is rotating and for detecting an amount of 
rotation of . the AZ motor 29 consists. of. the photointerrupter 
56 and the rotating disk 58. 

The shutter 27, a supporting member 47 which pivotally 
supports the three shutter blades. 27a of the shutter 27, and 
a circular driving member 49,.. which Ogives rotative • power to . 
the shutter blades 27a; are positioned between the shutter 
mounting stage -40 and the shutter blade' supporting- ring "4.6; .: 
secured to the shutter mounting stage 40. The circular 
driving member 49 is provided with three operating 
projections 49a, .at .even - angular ." intervals, which 
' respectively -^ngage with each of the three shutter blades 
27a. As shown .in Figure: II,:. the. shutter blade supporting, 
ring 46 is provided at a front, end thereof with a circular 



aperture 46a and with. three supporting. holes 46b positioned 
at even angular intervals around the circular aper tiir e ^ 6a . . 
TWO deflection restricting surfaces 46c are forined; on the 
outer periphery o.f-; the shutter^ bladV supporting ^ 46.' 
. Each def iec-tion restricting surf ace :46c.^s- exposed <:mtwardly 
from the, corresponding linear^ guide 40c and slidably 
supports the inner peripheral- face of the corresponding 
guide leg 22b. 

The supporting member 47, positioned in front of the 
.shutter blade supporting ring . 46 , is provided with a 
circular aperture 47a, aligned with .the circular aperture 
46a of the shutter blade supporting ring 46, and with three 
.pivotal shafts ..47b (only^one :of which is illustrated .i^ . 
Figure 11 y at respective ; pb^itidiis ' ' oppo^i^eftiie- th^^e;^^ 
supporting holes 46b. Each' shutter Jpl^^^^^ is.(^^oVid4^ =at..:. 
one end thereof with a hole .27b into :which-^ 

Pivotal shaft 47b is inserted, so that- each shutter blade " 
27a is rotatable about the corresponding pivbtal..- shaft 47b/. 
The major part of " each shutter blade 2.7a, that '^xtends 
normal to the optical axis. 0 from the pivoted end, is fprmed 
as a light interceptive portion. All three light 
interceptive portions of . the shutter blades. .27a together " 
prevent ambient light, which enters the front lens group LI, 
from entering the circular apertures 46a and 4.7a when the 
Shutter blades 27a are, closed.. Each shutter blade 27a is 



further provided, " be tween . the' hole 27.b and the light 
interceptive portion thereof, with a slot 27c. through which 
the correspondinig operating projection 49a' is inserted. The 
supporting member 47 is fixed, to the shutter' blade 
supporting ring 46- in such a manner that' each shaft 47b, 
which- supports the corresponding shutter blade 27a, is 
engaged with, the corresponding supporting hole 46b of the 
shutter blade supporting ring 46. 

A gear portion 49b is formed on a part of the outer 
periphery of the circular driving ^. member -4*9 . The gear 
portion 49b meshes with one. of the plurality of gears in the 
gear train 45 to receive the rotation from the gear train 
45 . The supporting member :. 47 is provided,' at respective.; 
positions . clos-ie/. to. .this .three pivotal / shaf ts ';47bi with 't 
arc grooves. 47c . each : arched;' along .a circuihfere'htial 
direction. The three /operating projections 49a of the 
circular driving, .ring 49 engage with the slots '27c of the 
respective shutter blades 27a - through the respective arc 
grooves 47c. The shutter blade supporting ring 46 is 
inserted from the rear of the shutter mounting stage. 40, to 
support the circular dr.iving ring 49, the supporting member 
47 and the shutter 27, and is fixed on the shutter mounting 
stage 40 by set screws 90 respectively inserted through 
holes 46x provided on the shutter blade supporting ring 46. 

Behind the shutter blade supporting ring 46, the lens 
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supporting barrel 50, supported to be able to znove relative 
to the shutter mountihg stage 40 via guide shafts 51 S2, 
. is positibned. The shutter mounting stage 40 and the lens • 
supporting, barrel .,50 are biased in . opposite directions, .way. • 
from eaclv <''^^^^^ >• coil; ^s : 
51, and therefore- pl4y between the shutter mounting\stage 40 ' 
- and the lens' supporting barrel 50 is reduced. .In addition, 
a driving gear 42a, provided as one of the gears in the gear 
train 42, is provided with a female thread hole (not shown) 
at the axial center thereof and is restricted to move in the 
axial direction. The screw shaft 43, one end of which is 
fixed to the lens- supporting barrel 50, engages with the 
female thread hole. Accordingly, . the driving gear 42a.:. and " 
. the screw- shaft ^43 together ; 5:bnstitute- a ^ f ..d • screw^ ' • ' 
mechanism. . ■ In such a manner,; .wh^n the driving gear' 42a 

rotates clockwise or ahti-clockwis^ due tr^ ,^ • • 

. -^s»e que to; driving by the rear 

lens group dr'iving motor 30, the screw shaft 43 respectively 
i^^oves forvardly or rearwardly with respect to the driving 
gear 42a, and therefore the lens Supporting . barrel 50-, which 
-supports the rear lens group L2, moves relative to the front ' 
lens group LI . 

A holding member 53 is fixed at- ^>.^ ^ . ^ 

• tixea ac the front of the 

Shutter mounting stage 40. The holding member 53 holds the ' 
motors 29 and 30 between the holding member 53 and the 
Shutter mounting stage 40. The holding member 53. has a 
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metal holding plate 55 fixed at, the front thereof by set. 
str.e.ws- 99... The motors 29; 30 and- the photointerfupters 56, 
57 are connected to. the * flexible printed circuit board 6. 
One end of the flexible printed^. circuit board 6 is fixed to 
the .shutter mounting stage 40-, 

After the first, second and third moyihg barrels 20, 19 
and 16, and ^t he AF/AE - shutter, unit 21 and the -like are 
assembled, the aperture plate 23 is fixed to the rear of the 
linear guide- barrel 17, and an annular retaining member 33 ■ 
is fixed at the front of. the fixed lens barrel block. 12. 

In the zoom lens barrel 10 there is provided a 
mechanism for . preventing the zoom, lens barrel 10 from being 
damaged, when a" strong impact is .applied to the f rpnt ■ end" of. 
the zoom, lens barrel 10 in: a .directipn of retraction 
thereof, while: all -the first through, third "moving barrels 
.20, 19 and 16 are fully retracted in, the 'fixed' lens barr^ 
block 12... Such a mechanism will be hereinafter discussed 
with reference to mainly Figures 1 through 6. 

The mechanisim for preventing the zoom lens ..barrel 10 
from being damaged may be realized by the third moving 
barrel 16, the linear guide barrel 17 and the second moving 
barrel 19, 

.As shown in Figure 3 or 4, each of the plurality of 
ring members 18a is provided with a circular recess aib. A 
head .80a of the corresponding center fixing screw 18b is 



seated on the circular recess 81b. A central hole 81a is 
•formed at. th'fe jbenter of - the bpttom.of the circular- refiess 
81b, through which a threaded shaft 80b. of the .•cbrrespondiii^ 
center fixing screw 18b is inserted. A screw, hole 19d is 
"formed on the second moving barrel 19 on each follower 
projection. 19a. The , thread shafts 80b are respectively 
. secured to the screw holes 19d. • The bottom edge of . each 
ring member 18a is tapered toward the second moving barrel 
19 in a radial direction thereof, so that each ring member 
18a is provided at a bottom edge thereof with a tapered 
surface 81c. The linear guide barrel 17 -is provided, along 
an. outer- edge pf each lead ' slot . 17,b, with a tapered lead 
surface 17n, which is ..formed .■oblique by. a predetermined 
angle, to firmly ■contact the tapered . -surface 81.c of the 
corresponding ring member 18a. As can be seen from Figures 
•3, 4 and 6, a rearmost cuter edge of each lead slot 17b, 
which ejc tends along and is adjacent to the retaining flange 
17 e, is not formed eis the tapered lead surface 17n. 

The linear guide barrel 17 is provided, on the ftont 
surface, of the retaining, flange 17e.. with a plurality of 
bumper surfaces 17m'. Each of the bumper surfaces i7m is 
positioned to correspond to the rear end of the. 
corresponding lead slot 17b,. The ring members 18a- 
respectively bun© against the bumper surfaces i7m when the 
second moving barrel 19 -is driveii to move back to its fully- 
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retracted position relative^ to " the linear guide bairrel 17, 
that is,, when the zoom lens barrel 10 retracts to the 
retracted position, thereof . Each lead slot 17b is provided, 
at. a -rear end thereof, with an end slot 17b' (Figure 5) 
which extends in ,a " circumferential direction -of the' linear 
guide barrel 17 " and- extends along and is adjacent to the 
retaining flaiige 17e. 

A lead groove 17p- for the corresponding follower 
projection 19a to be inserted into the corresponding lead 
slot l7b" during an assembly* 'of the zoom lens barrel .10, is 
formed on an inner periphery of the rear end of the linear 
guide barrel 17 at the rear end of each lead slot . 17b. 
During an assembly of the zoom -lens barrel 10, when the 
second moving barrel 1-9 is fitted in the linear guide barrel" 
17, firstly, the second moving barrel 19 is inserted into 
the linear guide- barrel 17. f rom-, the rear .end thereof , .and 
subsequently, the follower pro j ections 19a are respectively 
inserted into the lead slots 17b through the lead grooves 
17p, Thereafter, the ring members 18a are respectively 
secured onto the follower projections 19a by the center 
fixing screws 18b. Therefore, once the second moving barrel 
19 and- the linear guide ba.rrel 17 are assembled in such a 
manner, the second moving barrel 19 cannot be taken out of 
the linear guide barrel 19 from the rear end thereof, since 
the ring members ISa bump against the bumper surfaces 17m 
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v(hen the second moving barrel 19 is moved back .to its fully- 
retracted position relative to the linear guide barrel 17 . 
Therefore, the bumper surfaces 17m function as stoppers, to 
prevent the second moving barrel 19 .from coming out of the 
linear guide barrel 17 from a rear end thereof. 

The ring members 18a riespectively and slidably fit. in 
the linear guide grooves 16c as noted above, while .the 
follower projections 19a respectively and slidably fit in 
the lead slots 17b. Accordingly, when the third moving 
barrel 17 moves along the optical axis O while rotating 
about the optical axis O relative to the fixed lens barrel 
blQck 12, the second moving barrel 19 moves along the 
optical.'axis O relative to the third moving barrel .16. while 
rotating together with the third . mpving- barrel . 16 in the 
same rotational direction -relative*, to the fixed lens barrel 
block 12.. 

.. .The lead slots 17b are formed as linear grooves, each 
of which is bbligue to both the optical .axis- direction and a 
circxanferential direction of the linear giiide barrel 17 by a 
predetermined angle as noted above, isq. that the follower 
pins 18 are driven to move in the optical axis direction at. 
a constant speed when the • third moving . barrel 16 is driven 
to rotate at a constant rotational spieedV However,.- each 
lead slot 17b is regarded a.s a particular type of cam slot 
for moving the corresponding follower pin 18 in the optical 
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axis direction at a speed haying". no variation when the third 
moving barrel 16 ; is driven to- rotate ;at ' a. constant 
rotational speed. Therefore, the lead slots 17b may :be 
considered to be cam -slots formed, oh the linear, guide barrel 
17/ ■ .- - • . ■ ;. ■; . " :'. ; 

.Generally/ when' an impact is •ap)pliedi to the front end 
of "a telescoping _ type of zoom -.-lens' in .a . direc:tioh- of 
retraction thereof while the zoom lens is .advanced from a 
camera body, the impact will be absorbed; by a clutch, 
helicoids; cam slots',: cam grooves of the like/., provided ' in" 
the zoom lens, without the occurrence of any damage, in the 
case where the lead of the helicoids, cam slots, cam grooves 
or "the like is .small. .An arrow "A" sho\^^n in Figure . 6 
represents a direction of such an .impact . However, when- a 
strong impact- is applied to the front end- of the ■telescoping, 
type of zoom lens ."barrel in a direction of retraction 
thereof while the zoom lens barrel is fully retracted, the 
helicoidis, cam slots, cam grooves and/or peripheral, members 
in the zoom lens may be .damaged, particularly in the case 
where the lead .of the helicoids, cam slots-, cam grooves . or 
the like is large. However, the zoom lens. barrel 10 of the 
present embodiment does not easily suffer from such a 
problem. In the zoom lens barrel 10, in the case when an 

o. 

impact is applied, to the front end of the zoom lens- barrel 
10 in a direction of retraction thereof while all the first 



through third moving barrels 20/19 and 16 are being fully, 
retracted into the fixed lens barrel block' 12/ i.e., With 
the follower pins 18 being respectively 16cated at. the end 
slots. 17b' of the lead slot§.i.7b as- shbwn in Figure 6. the 
impact is received.; not. only .by - t end slots ;.l7b'' 'of the 
lead slots, :17b throu^^ the ^foilower projections 19a. but- klso 
by t^^- retaining ."flange at ' the. bumper surfaces 17m 

through the ring members 18a. 

An arrow "B" shown in Figure 6 represents a, direction 
of the -impact applied to' the retaining flange 17e through . 
one of the ring members . 18a, If the impact were received by 
merely the rear ends, of the lead slots 17b through the 
follower projections 19a, ...the; fear ends of the' lead slots 
17b.-wouid be damaged and/^^^ pins . 18. and the 

follower projections 19a...would :run-off the lead, slots i7b.. 
which may cause, damage to the zoom lens barrel 10 .. ■ However , 
since the -impact is received by not only the . end slots 17b" 
through the follower projections 19a but also the retaihihg 
flange 17e, whose strength 'is sufficiently strong, ' through 
the ring members 18a, the zoom lens barrel is less likely 
tO; be damaged. -. 

In the zoom lens .barrel 10 there is provided a csm^ 
mechanism for producing, a predetennined movement between two 
moving barrels (the second and third barrels 16. 19) which 
are concentrically arranged. The cam mechanism includes the 
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linear guide barrel 17.. ..the follower projections 19a of the 
■second moving barrel. .1.9.. the foliower: .p.ihs 18/ the ■linear, 
guide grooves 16c of • the third' moving barrel 16, etc ..- ' 

The linear guide barrel 17 and the second moving barrel 
19 are assembled, -.in the' ' following 'manner . ' Firstly, 'the 
second moving barrel 19 is inserted into the linear guide 
barrel .17 from the rear end thereof while each' of the 
follower projections 19a is inserted into a corresponding 
one of the lead grooves 17p, Thereafter, each of the ring 
members 18a is. placed on the top of a corresponding one, of 
the follower projections 19a, which comes out of the 
corresponding lead slot •17b, and subsequently, each ring 
.member 18a is secured c.6 the- corresponding follower 
projection 19a by screwing the fixing .screw 18 in the ;.screw, 
hole 19d. In this state,' the-.. seconci moving barrel- 19 caniiot 
be taken out of the linear guide barrel 17 from the rear end 
thereof since the ring members 18a respectively, contact the 
biimper surfaces . 17m when the second moving barrel is in a 
state of being most retractiad relative to the linear .guide 
barrel 17. 

In the case where each of the lead slots 17.b is formed 
merely as a conventional Tead slot, that is, a lead, slot 
whose side surfaces extend parallel to each other and thus 
:do not .approach each other .in a direction away from the 
corresponding follower projection 19a and also the case 



where each . of the,, followers./ which- engage with a 
corresponding one of such conventional lead slots and -a 
corresponding one of the linear guide grooves 16c, is formed 
merely as a single follower integrally formed on the second 
moving barrel. 19, not as a combination -of.' the follower 
projection 19a and' the ring member 1^. ; a iihold u^eci for 
molding the linear guide' barrel 17= would have quite a 
complicated structure which may be comprised of a plurality 
of mold pieces; . .in' addition, . in the case . where the 
aforementioned: single follower' is integrally formed on the '- 
second mbving. barrel 1.9. instead of the combination of the 
follower projection 19a and "the ring member 13 a., each lead 
groove 17p negds to be provided as a lead 'slot which- 
penetrates., completely through the linear guide barrel 17 in 
a .radial direction thereof, bec.aus.e'. each single follower 
will be much longer than the . thiclqiess of the linear-guide., 
barrel 17 in the radial direction. This deteriorates., the 
strength of. the linear guide barrel at a r^ar portion, 
thereof. In this case, if such: .a .strength .needs to be 
maintained., the linear guide barrel . 10 must be formed 
thicker at ..the -rear portion, thereo.f , .which., results . in 
increasing the size of the zoom lens: ijairrel 10. 

However. according to th^ zoom lens barrel 10. of the 
present embodiment, such a problem is . overcome due to the 
aforementioned structure in which the ring members 18a are" 
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respectively fixed to the follower projection 19a after the 
.second moving barrel JlS. has' been; -in^ the.rli'ne;^- 
guide barrel- 17 during - assembly,. * -Jb^ additibh" ;- since" tiie 
ring; members. 18.a and the. follower projections 19a are 
separately formed and since each follower projection 19a is 
tapered in a direction aWay from the optical. axis. O, a mold 
to be used" for' molding the linear guide barrel 17 can.be 
formed as a mold having a simple structure. 

In the above-^described embodiment of the ' zoom lens 
barrel 10,.' although the zoom lens optical system consists of 
two movable lens groups, namely the front lens group LI and 
the rear lens group L2,- it' should be understood that the 
present invention .is not lirniced tp; the present embodiment 
disclosed above, but the present invention may also . be 
applied to ano.ther type of zoom lens optical, system 
including one or more fixed lens group... • 

In addition, in the above . embodiment , the rear lens 
group LI is provided as a component, of the .AF/AE shutter 
unit 21, aiid 'the AJE motor 29 and the rear lens group driving 
motor 30 a;:e mounted to the AF/AE shutter unit 21..; With 
such a structure, the structure . for supporting the front and 
rear lens groups 'LI and L2 and the- structure for driving the 
rear lens group L2 are both simplified. Instead of adopting 
such a structure, the zoom lens barrel 10 may also be 
realized in such a manner by- making the rear lens, group L2 a 



51 



. member separate from. the AF/AE shutter unit 21. which is 
provided with the shutter mounting stage .40.. the ' circular, 
driving member 49/ .-the suppartirig member 4.7. the shutter' 
blades 27, the shutter blade; supporting ring 46 - and -the 
like, and that the rear lens "grbup: L^\is ; ^ 
supporting member other than the : AF/ae^' shutter uhit' 21: ' 

■ i";^h^ =^<^"' lens camera of the p^^^ 
operation by rotation of the whole optical unit driving- 
motor 25 and the rear lens group' driving motor 3 0 will now 
be described with reference to Figures 14, .15. 16 and .17. ' 

.As shown in Figure 15 or 17. when the. zoom. lens barrel 
10 is at the most retracted .-(withdrawn) position, i.e.. the 
lens-hbused condition, when the power , switch . is turned .ON, 
the whole op ti<=al .undt driving motor 25 is- driy^h ' to rotate- 
its, drive shaft in. the forward rptatipnal direction by . a 
small.. amount. Iliis -rotation of the motor 25 is transmitted, 
to the driving pinion .15 through.. a gear train 26.. which -is 
supported by a supporting member 32 formed integral with the 
fixed lens barrel ' block 12. to thereby rotate the third 
moving barrel 16 in one predetermined rotational direction 
to advance forwardly along the optical axis O. therefore, 
the second moving barrel 19 and the first moving barrel 20 
are each advanced by a- small amount in the optical axis 
direction, along', with the third moving barrel 16. 
Consequently. the camera is ' in a state capable pf 



photographing; with the- zoom lens positioned , at the widest- 
position, i.e., the wide, end.; At this stagef/^ due to the 
fact that the amount of moviment of the linear guide barrel 
17, with respect to the fipced lens barrel block 12, is 
detected through the ireiative slide between the /code plate " 
13a and the contacting terminal 9, the focal, length of -the 
zoom lens barrel Id, i:e., the' ^f ront and rear lens groups LI ' 
and L2, is detected. 

In the photographable state as above described, when 
the aforementioned zoom operating lever is manually moved 
towards a "tele" side, or the "tele" zoom button is manually 
depressed to be turned .ON, the whole optical unit drivi 
motor 25 is driven to. rotate . its drive -shaft ; ip- the/: f 02^ 
rotational direction through thie whole opt ical Vunit."dr 
motor controller 60 so "that the third moving barrel 16 
rotates in .the rotational . direction to advance; along^ the 
optical axis O via the driving pinion 15 arid the . outer 
peripheral gear 16b. .Therefore, the third moving barrel 16 
is advanced from the fixed lens barrel block 12 according to 
the relationship between the . female helicoid 12a and the 
male helicoid 16a. At. the same time," the linear guide 
barrel 17 moves f orwardly in the optical axis direction 
together with the third moving barrel 16, without relative 
rotation to the fixed lens barrel block. 12, according to the 
relationship between the engaging projections 17cand the 
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linear guide grooves 12b. At this time, the simultaneous 
engagement of the follower pins 18 with' the respective lead 
slots 17b and linear guide grooves 16c causes the second- 
moving, barrel 19 to move forwardly relative to. the third 
moving- barrel 16 in the ' optical axis ' direct ion...- : while 
rotating together w.ith ' the. third moving ' barrel ^'i in the ' 
same' rotatlohal directibh relative to the fixed lens barrel 
block 12. The first moving barrel 20 moves forwardly from 
the second moving barrel 19 in the optical-' axis direction", 
together with the AP/AE shutter unit 21, without relative 
rotation to the fixed lens barrel block 12. due to the 
above-noted structures in which the fi.rst moving, barrel 20- 
is-guided linearly by the linear guide meinber 22 . and In ■ 
which the/follower P^s. U^ya^d gxi^^ 

19c. During •S.uch rnoviments, -^ccordint-' to the'.-f^dt that ;the 
moving position- of the linear guide -barrel 1.7 with respect 
to the fixed lens barrel block 12 is detected through the ' 
relative slide between the code plate 13a and the contacting 
terminal 9, the focal length set by -the zoom operation 
'.device 62 is detected. 

Conversely, when the zoom operating lever is manually 
moved, towards a -wid6-. side, or the ' -wide" zoom button is 
manually depressed to be turned ON, the whole optical unit 
driving motor 25 is driven to rotate its drive shaft in the 
reverse rotational direction through the whole optical unit 
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driving motor controller 60 so that the third moving barrel 
16 rotates in' the rocationai direction to retract into the- 
fixed lens barrel, block - 12 ■^together with the linear guide 
barrel 17. At the same time, the second moving . barrel 19 is 
retracted into the third moving barrel Id ■ while rotatihg' ih"^ 
the same direction as that of the third .moving barrel, 16, 

. and the first moving barrel 20 is retracted into the • 
rotating second moving barrel . 19 together with the AF/AE 
shutter unit 21. During, the above retraction driving, like 
the case of advancing driving as above described, the rear, 
lens group driving motor 30 is not driven. ' 

While the zoom lens barrel. 10 is driven during the - 

. zooming operation, since the rear .lens group driving mptor. .. 
30 is not driven, the front lens group LI and the rear., lens 
group L2' move as a . whole . maintaining a constant distance ■ 
between each other, as' shown in Figure' 14 or 15. The .focal 
length input, via. the zoom code plate 13a and the contacting 

.. terminal 9 is indicated, on ah LCI> panel (not shdwn) provided 
on the cainera body. 

.At any focal length set by the zoom operating device 
62, when the release button is depressed by a half-step, the 
object .distance measuring apparatus 64 is actuated to 
measure a current subject distance. At the same time the 
photometering apparatus 65 is actuated to measure a current 
subject brightness. Thereafter, when the release button is 
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fully depressed, the,whole pptiGal unit driving, znotor -25 and 
the^ rear lens group' driving motor ' 30 ' a^re %ch driveA by 
respective amounts dictated according to the focal length ' 
information, set in • advance and the subject distance' 
information obtained from the object distance measuring 
apparatus 64 so that, the front and rear lens groups LI ..and 
L2 are respectively, mo^^d tp -specified posi^ ^to bbtain:a, 
specified focal length to thereby bring .the subject into 
focus, immediateiy after the subject is brought into foCus, 
via the AS motor controller 66. the motor . 29 is driven to 
rotate the circular . driving member 49 by an amount 
corresponding to the subject -brightness information' obtained 
from the photpmetering. apparatus es'-so that the shutter.- 27 
is. driven to open the shutter blades 27a by ^..;specifi^ 
amount which satisfies the required exposure..' '.I^ediately 
after such a shutter release operation, in which the three 
.shutter blades 27a are opened and subsequently closed, . is ' 
.completed, , the whole optical unit driving .motor 25 and the ' 
rear lens group driving motor 30 are both cariven . to : move the 
front lens group LI ' and the rear lens group. L2 to the 
respective initial positions at which they were at prior to 
a shutter release. - 

In the present embodiment of the .zoom lens barrel .10,- 
•Fantas Coat SF-6- is used ^as the coating 72e; ' HPwever a- ■ 
different type of coating may be used as the coating 72e as 



long as it is waterproof and makes the circular abutting, 
surface 72b a smooth surface to form substantially no gap 
between the circular •. abutting surface 72b and the 
circxjmf erential portion fp. 

Obvious changes may be made in th^Vspecif ic- eihboci'im^ht^ 
of • the' present ' invention- ' described' herein',. "^\ich:- 
modifications being within the : ' •' scope of the 

invention claimed. it is indicated that- all matter 
contained herein is illustrative and does not limit the 
scope of the present invention . 
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CLAIMS:- :. . • . 

1. A cam mechanism used fq^ photographic lens which 
includes a movable' barrel and a cam- ring fitted on said movable 
barrel such that said moving barrel is iti'bvabie relative to said 
cam ring along an optical axis of said. photographic' lens, said 
cam mechanism comprising: 

at least one cam slot formed on said cam ring extending 
obliquely to a direction of. . said, optical axis, wherein said at 
least one cam slot is formed such that' a' cross-section along a 
plane perpendicular to a longitudinal direction of said .at 
least one cam slot tapers in a direction away from said optical 
axis; 

at least one follower projection integrally- forme 
movable barrel, wherein. said at least- one :f6libwer projection : 
is formed to taper in said direction away ..frdm said optical, 
axis to be firmly . fittable in said at. least one cam slot; 

at least one lead groove for allowing insertion of said at 
least one follower projection into said at least one cam slot, 
during an assembly of said photographic lens, said. at least one 
lead groove being formed on an inner periphery of a rear end of 
said moving barrel at a rear" end of said at least one cam slot; 

at least one follower respectively provided on said at 
least one follpwer projection;* and 

at least one stopper for contacting said at least one 
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•follower whfen said moving barrel is ;f ully 'retradted. -'intp said 
•cam "ring for:.. preventing sa^id 'movable barrel from coming out of " 
said cam ring : from a rear, end- thereof , said at least one 
stopper beln^ integrally formed ;on an outer, periphery of said 
movable barrel adjacent to said rear' end of said at least one 
cam slot. *• : ■ ■ * . 

2. A cam mechanism according to claim 1, wherein* said 
photographic lens is a zoom lens . 

3. ' A cam mechanism according to claim 1 or 2, wherein said 
cam ring is guidable along said optical axis without rotating 
about said optical axis relative to a stationary block of . said 
photographic- lens.. 

4. A cam mechanism according to. any.bri^ of claims 1/ 2 ^or- " 
3, wherein* said at* leaist .one "follower is a ring' itnember 
securabl.e .onto said at least, .one^ follower pro jectibn by a 
fixing screw screwable in siaid at least one follower 
projection. • 

5. A cam mechanism according- to any one of claims 1 to 4, 
wherein' said at least one cam slot is oblique. to said direction- 
of said optical axis by a predetermined angle-. 

, 6. A .cam mechanism accarding . to any. brib of claims- 1 to 5/ 
further comprising.:: 

a rotational barrel fitted on said cam ring -..to be 
rotatable about said optical axis relative' to said cam ring; 
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• '■■ : • -5.9 ; 

and 1 . . - .. ■ 

at least one. guide groove- formed on. an- inner periphery of 
said rotational barrel, said at least one follower being fitted 
in said at least one guide groove to be guidable therealong. 

7. A cam mechanism according, to claim 6/ wherein said at 
least one - guide girooVe- -extends . in said direction of : said. : ' ■* 
optical*- axis . • ' 

.8. A cam mechanism according to claim" 6 or 7,. wherein said 
rotational barrel is fittable on said cam- ring to be- immovable 
along said optical axis relative to said cam ring. • 

9. A cam mechanism -substantially as hereinbefore; described 
with reference to E^ilgureis-^^i' to 6\'of -th^ accbmjEDainyin^ ' 
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